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(57) ABSTRACT 


A cosmic and solar radiation shi elding structure that also has 
structural attributes is comprised of three layers. The first 
layer is 30-42 percent by volume of ultra-high molecular 
weight (UHMW) polyethylene fibers, 18-30 percent by vol- 
ume of graphite fibers, and a remaining percent by volume of 
an epoxy resin matrix. The second layer is approximately 68 
percent by volume of UHMW polyethylene fibers and a 
remaining percent by volume of a polyethylene matrix. The 
third layer is a ceramic material. 

20 Claims, 2 Drawing Sheets 
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MULTI-FUNCTIONAL LAYERED 
STRUCTURE HAVING STRUCTURAL AND 
RADIATION SHIELDING ATTRIBUTES 

ORIGIN OF THE INVENTION 5 

The invention was made by employees of the United States 
Government and may be manufactured and used by or for the 
Government for governmental purp o ses without the payment 
of any royalties. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 15 

This invention relates to materials and/or structures that 

provide radiation shielding. More specifically, the invention 
is a layered structure that provides cosmic and solar radiation 
shielding while also serving structural purposes. ^ 

2. Description of the Related Art 

One of the most significant technical challenges in long- 
duration deep- space missions is that of protecting the crew 
from harmful and potentially lethal exposure to ionizing 
radiation. Energetic, high-charge galactic cosmic -ray (GCR) 25 
ions and solar energetic particles (SEP) constitute the two 
main sources of this intense radiation environment. Protec- 
tion against GCR and SEP radiation fields on a manned Mars 
mission, for example, is vital both during transit and while on 
the surface of the planet because of the duration of the mission 30 
and the lack of sufficient protection from the thin Martian 
atmosphere. The development of multi-functional materials 
that can serve as integral structural members of the space 
vehicle while providing the necessary radiation shielding for 35 
the crew is both mission enabling as well as cost effective. 
Additionally, combining shielding and structure can reduce 
total vehicle mass thereby simplifying propulsion system 
design. 

40 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a structure that can shield against cosmic and solar 
radiation. 45 

Another object of the present invention is to provide a 
structure that has structural attributes and cosmic/solar radia- 
tion shielding attributes. 

Still another object of the present invention is to provide a 50 
structure for use in long -duration space applications. 

Other objects and advantages of the present invention will 
become more obvious hereinafter in the specification and 
drawings. 

In accordance with the present invention, a multi-func- 
tional structure that has structural attributes and that provides 
cosmic and solar radiation shielding is comprised of three 
layers. The composition of the first layer is 30-42 percent by 
volume of ultra-high molecular weight (UHMW) polyethyl- 60 
ene fibers, 18-30 percent by volume of graphite fibers, and a 
remaining percent by volume of an epoxy resin matrix. The 
second layer is disposed adjacent to the first layer and is 
composed of approximately 68 percent by volume of UHMW 
polyethylene fibers and a remaining percent by volume of a 65 
polyethylene matrix. The third layer is disposed adjacent to 
the second layer such that the second layer is sandwiched 
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between the first layer and the third layer. The third layer is 
composed of a ceramic material. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

Other objects, features and advantages of the present 
invention will become apparent upon reference to the follow- 
ing description of the preferred embodiments and to the draw- 
ings, wherein corresponding reference characters indicate 
corresponding parts throughout the several views of the draw- 
ings and wherein: 

FIG. 1 is a schematic view of layered structure that has 
structural attributes and that provides cosmic and solar radia- 
tion shielding in accordance with the present invention; 

FIG. 2 is a plan view of the structure’s layer that has both 
structural attributes and radiation shielding attributes in 
accordance with an embodiment of the present invention; 

FIG. 3 is a plan view of another embodiment of the struc- 
ture’s layer that has structural attributes and radiation shield- 
ing attributes; 

FIG. 4 is a cross-sectional view taken along line 4-4 of FIG. 

3; 

FIG. 5 is a plan view of the structure’s layer that has both 
radiation shielding attributes and micro -meteoroid protection 
attributes in accordance with an embodiment of the present 
invention; and 

FIG. 6 is a cross-sectional view taken along line 6-6 of FIG. 
5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT (S) 

Referring now to the drawings and more particularly to 
FIG. 1, a novel composite structure well -suited for space 
vehicles and/or habitats is shown schematically and is refer- 
enced generally by numeral 10. Structure 10 is multi-func- 
tional in that it possesses structural attributes, cosmic and 
solar radiation shielding attributes, and micro-meteoroid 
(MMOD) protection attributes. As will be readily apparent to 
one of ordinary skill in the art, structure 10 can be readily 
fabricated into a variety of structural components of various 
size and shape. Accordingly, it is to be understood in that the 
rectangular and/or planar shapes used in the figures refer- 
enced herein are merely to facilitate an understanding of the 
present invention and are not limitations thereof. 

Structure 10 is a layered structure where each layer pro- 
vides one or more of the above-noted attributes. FIG. 1 
depicts the general material composition of structure 10 with 
the remaining figures depicting possible constructions of the 
various layers that embody the general material composition 
thereof. Structure 10 is defined by three distinct layers 12, 14, 
and 16, with each such layer being capable of fabrication in 
accordance with techniques well understood in the art. 
Accordingly, it is to be understood that structure is not limited 
by the fabrication techniques used to construct same. 

Layer 12 is designed to provide both structural attributes 
and radiation shielding attributes. The composition of layer 
12 includes 30-42 percent by volume of “ultra -high molecu- 
lar weight” (UHMW) polyethylene fibers, 18-30 percent by 
volume of graphite fibers, and a remaining percent by volume 
(i.e., 28-52 percent by volume) of an epoxy resin matrix. 
UHMW polyethylene fibers are known in the art. The poly- 
ethylene fibers are typically long fibers or continuous fibers as 
they are sometimes referred to. The graphite fibers are any of 
a variety of long (or “continuous”) fibers. As will be explained 
further below, the UHMW polyethylene fibers and graphite 
fibers can be interwoven or can be arranged in separate plies. 
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In either case, the epoxy resin matrix impregnates the inter- 
stices formed between and around the fibers. Typically, the 
epoxy resin matrix is a thermo-set matrix that flows when 
heated and solidifies when cooled. The presence of UHMW 
polyethylene fibers provides radiation shielding while the 5 
combination of UHMW polyethylene fibers and graphite 
fibers provide a strong, lightweight composite. 

Layer 14 is designed to provide both radiation shielding 
attributes and “micro-meteoroid” (MMOD) protection. The 
composition of layer 14 includes approximately 68 percent to 
by volume of UHMW polyethylene fibers with a remaining 
(approximately) 32 percent by volume of a polyethylene 
matrix with the polyethylene matrix impregnating the inter- 
stices between and around the fibers. Once again, the UHMW 
polyethylene fibers will typically be long. Possible orienta- 15 
tions for the fibers will be discussed further below. The one 
hundred percent polyethylene composition of layer 14 pro- 
vides excellent radiation shielding while the substantial use 
of UHMW fibers in layer 14 provides MMOD protection, too. 

Layer 16 is designed to provide MMOD protection. 20 
Accordingly, layer 16 will typically form the outermost layer 
of structure 10. Layer 16 is ceramic material (e.g., in tile form 
to allow structure 10 to be fabricated in a complex shape) 
attached or bonded to layer 14. For space vehicle and/or space 
habitat applications, the ceramic material is aluminum oxide, 25 
boron carbide, or silicon carbide. 

A variety of constructions of structure 10 are possible 
based on the above-described composition of structure 10. 

For example, FIG. 2 illustrates one possible configuration of 
UHMW polyethylene fibers 120 and graphite fibers 122 in 30 
layer 12. That is, fibers 120 and 122 are interwoven to define 
a fabric ply with the epoxy resin matrix 124 impregnated in 
interstices 126 between the fibers and with epoxy resin matrix 
124 disposed around the fibers. It is to be understood that the 
size of interstices 126 is exaggerated for clarity of illustration. 35 
Although only one fabric ply of woven fibers 120/122 is 
illustrated, it is to be understood that multiple plies of woven 
fibers 120/122 could be used/stacked to achieve a desired 
thickness for layer 12. 

FIGS . 3 -4 illustrate another possible construction for layer 40 
12 in which UHMW polyethylene fibers 120 are not interwo- 
ven with graphite fibers 120. For example, in the illustrated 
embodiment, UHMW polyethylene fibers 120 and graphite 
fibers 122 are laid up in different plies of layer 12. Fibers 120 
are oriented substantially the same way and fibers 122 are 45 
oriented substantially the same way, but the orientation of 
fibers 120 is different relative to fibers 122 in order to satisfy 
the structural needs of a specific application. In this example, 
epoxy resin matrix 124 fills the spaces between fibers 120 and 
fibers 122, as well as encasing the plies of fibers 120 and 122. 50 
As in the previous example, it is to be understood that the 
amount of spacing between fibers and plies thereof is exag- 
gerated to provide clarity in the illustrations. Furthermore, 
additional plies of fibers 120 and/or 122 could be included to 
thicken layer 12. The additional plies could utilize the same or 55 
different fiber orientations without departing from the scope 
of the present invention. Still further, the additional plies 
could use just fibers 120, just fibers 122, or both types of 
fibers. The plies can, but need not, alternate between fibers 
120 and fibers 122. 60 

FIGS. 5 and 6 illustrate a possible construction for layer 14 
in which UHMW polyethylene fibers 140 are laid up in mul- 
tiple plies 142 (e.g., two plies are shown in the illustrated 
example) with the fibers in a ply being oriented in substan- 
tially the same direction that is orthogonal to the fibers in an 65 
adjacent one of plies 142. Polyethylene matrix 144 fills or 
impregnates the spaces between fibers 140 and between plies 
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142. Additional plies 142 can be incorporated into layer 14 as 
needed for a particular application. 

As mentioned above, layers 12, 14, and 16 will typically be 
bonded together. This can be achieved in a variety of ways 
without departing from the scope of the present invention. For 
example, layers 12 and 14 could be laid up at the same time to 
form a desired shape, and then co-cured. Layer 16 could be 
provided in the form of tiles of ceramic material and bonded 
to layer 14 in ways understood in the art. By constructing 
layer 16 from tiles of a ceramic material, the co-cured com- 
posite defined by layers 12 and 14 can assume a complex 
shape. That is, tiles of ceramic can be sized/shaped as needed 
to “tile” the complex shape. 

The advantages of the present invention are numerous. The 
novel composite structure provides the multiple functions of 
MMOD protection, radiation shielding, and structural sup- 
port. The structure is made from commercially-available 
materials and can be fabricated using proved manufacturing 
technologies. The present invention defines both composition 
and construction configurations for a multi-functional struc- 
ture that can be used in the design/manufacture of long- 
duration space vehicles and/or habitats. 

Although the invention has been described relative to a 
specific embodiment thereof, there are numerous variations 
and modifications that will be readily apparent to those 
skilled in the art in light of the above teachings. It is therefore 
to be understood that, within the scope of the appended 
claims, the invention may be practiced other than as specifi- 
cally described. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1 . A multi-functional structure, comprising: 

a first layer having 30-42 percent by volume of ultra-high 
molecular weight (UHMW) polyethylene fibers, 1 8-30 
percent by volume of graphite fibers, and a remaining 
percent by volume of an epoxy resin matrix; 

a second layer disposed adjacent to said first layer, said 
second layer having approximately 68 percent by vol- 
ume of UHMW polyethylene fibers and a remaining 
percent by volume of a polyethylene matrix; and 

a third layer disposed adjacent to said second layer wherein 
said second layer is sandwiched between said first layer 
and said third layer, said third layer comprising a 
ceramic material. 

2. A multi-functional structure as in claim 1 wherein said 
epoxy resin matrix comprises a thermo -set matrix. 

3. A multi-functional structure as in claim 1 wherein said 
first layer comprises at least one ply of said UHMW polyeth- 
ylene fibers interwoven with said graphite fibers with said 
epoxy resin matrix impregnated in said at least one ply. 

4. A multi-functional structure as in claim 1 wherein said 
first layer comprises multiple plies defined by at least one ply 
of said UHMW polyethylene fibers and at least one separate 
ply of said graphite fibers with said epoxy resin matrix 
impregnated in and between said multiple plies. 

5. A multi-functional structure as in claim 1 wherein said 
second layer comprises said UHMW polyethylene fibers 
arranged in plies with said UHMW polyethylene fibers in 
alternating ones of said plies having the same orientation, and 
wherein said UHMW polyethylene fibers in adjacent ones of 
said plies are orthogonally oriented. 

6. A multi-functional structure as in claim 1 wherein said 
ceramic material comprises ceramic tiles bonded to said sec- 
ond layer. 

7. A multi-functional structure as in claim 1 wherein said 
ceramic material is selected from the group consisting of 
aluminum oxide, boron carbide and silicon carbide. 
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8. A multi-functional structure as in claim 1 wherein said 
first layer and said second layer are bonded together, and 
wherein said third layer is bonded to said second layer. 

9. A multi-functional structure, comprising: 

a first composite having 30-42 percent by volume of ultra- 5 
high molecular weight (UHMW) polyethylene fibers 
and 18-30 percent by volume of graphite fibers, and a 
remaining percent by volume of an epoxy resin matrix; 

a second composite bonded to said first composite, said 
second composite having approximately 68 percent by to 
volume of UHMW polyethylene fibers impregnated 
with a remaining percent by volume of a polyethylene 
matrix; and 

a ceramic material bonded to said second composite 
wherein said second composite is sandwiched between 15 
said first composite and said ceramic material. 

10. A multi-functional structure as in claim 9 wherein said 
epoxy resin matrix comprises a thermo-set matrix. 

11. A multi-functional structure as in claim 9 wherein said 
first composite comprises at least one ply of said UHMW 20 
polyethylene fibers interwoven with said graphite fibers with 
said epoxy resin matrix impregnated in said at least one ply. 

12. A multi-functional structure as in claim 9 wherein said 
first composite comprises multiple plies defined by at least 
one ply of said UHMW polyethylene fibers and at least one 25 
separate ply of said graphite fibers with said epoxy resin 
matrix impregnated in and between said multiple plies. 

13 . A multi-functional structure as in claim 9 wherein said 
second composite comprises said UHMW polyethylene 
fibers arranged in plies with said UHMW polyethylene fibers 30 
in each of said plies having the same orientation, and wherein 
said UHMW polyethylene fibers in adjacent ones of said plies 
are orthogonally oriented. 

14. A multi-functional structure as in claim 9 wherein said 
ceramic material comprises ceramic tiles. 
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15. A multi-functional structure as in claim 9 wherein said 
ceramic material is selected from the group consisting of 
aluminum oxide, boron carbide and silicon carbide. 

16. A multi-functional structure, comprising: 

a first composite having 30-42 percent by volume of ultra- 
high molecular weight (UHMW) polyethylene fibers 
and 18-30 percent by volume of graphite fibers, and a 
remaining percent by volume of an epoxy resin matrix; 

a second composite bonded to said first composite, said 
second composite having approximately 68 percent by 
volume of UHMW polyethylene fibers impregnated 
with a remaining percent by volume of a polyethylene 
matrix, said UHMW polyethylene fibers in said second 
composite arranged in orthogonally crossed plies; and 

a ceramic material bonded to said second composite 
wherein said second composite is sandwiched between 
said first composite and said ceramic material, said 
ceramic material being selected from the group consist- 
ing of aluminum oxide, boron carbide and silicon car- 
bide. 

17. A multi-functional structure as in claim 16 wherein said 
epoxy resin matrix comprises a thermo-set matrix. 

18. A multi-functional structure as in claim 16 wherein said 
first composite comprises at least one ply of said UHMW 
polyethylene fibers interwoven with said graphite fibers with 
said epoxy resin matrix impregnated in said at least one ply. 

19. A multi-functional structure as in claim 16 wherein said 
first composite comprises multiple plies defined by at least 
one ply of said UHMW polyethylene fibers and at least one 
separate ply of said graphite fibers with said epoxy resin 
matrix impregnated in and between said multiple plies. 

20. A multi-functional structure as in claim 16 wherein said 
ceramic material comprises ceramic tiles. 



